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nemia is a common compli-
cation in patients. with can-
cer.[1,2] Anemia, defined by

low hemoglobin or a low red blood
cell (RBC) count, can be a conse-
quence of the myelotoxicity of the
chemotherapy regimen ‘(especially
platinum-containing regimens) or an
inherent effect of the cancer itself (par-
ticularly in multiple myeloma, lym-
phomas, or metastatic bone disease).
Although approximately 50% of pa-
tients receiving chemotherapy can
experience anemia of varying severi-
ty,[3] and despite the attendant mor-
bidities—which ean include fatigue
and cognitive and other central ner-
vous system effects[4,5]—anemia

represents an undertreated complica- -

tion in cancer patients.

Since its introduction in 1989, re-
combinant human erythropoietin
(rHuEPO) has been a mainstay for
the treatment of cancer-related ane-
mia that reduces the need for RBC
transfusions.[6] When anemic can-
cer patients receiving chemotherapy
were treated with a standard regimen
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ABSTRACT

Our objective was to assess, using clinical trial simulation, the

feasibility of a fixed 200-ug dose of darbepoetin alfa (Aranesp) admin- -
istered every 2 weeks in chemotherapy-induced anemia. A pharmacok-
inetic/pharmacodynamic model was developed using clinical data
Jrom 547 cancer patients who received darbepoetin alfa at various
doses and schedules. Monte Carlo simulations were performed for
weight-based (3 ug/kg every 2 weeks) and fixed-dose (200 ug every
2 weeks) regimens and were compared with observed clinical data.
Mean hemoglobin changes froin baseline to end of treatment were
+1.61 g/dL, +1.83 g/dL, and +1.79 g/dL for observed-data, the
weight-based simulation, and the fixed-dose simulation, respectively.
The rates of required transfusions (hemoglobin <8 g/dL) were also
similar between gfoups. For patients between 45 and 95 kg (over 90%
of the population), the impact of a fixed dose on mean hemoglobin
change was negligible. There was a slight weight effect at body weight
extremes (< 45 kg and > 95 kg). Clinical outcomes from simulations
of weight-based and fixed dosing of darbepoetin alfa were similar to
those of observed weight-based data. Given the weight distribution of
a typical cancer population, the majority would be expected to benefit
equally from weight-based and fixed-dose darbepoetin alfa in the
amelioration of chemotherapy-mduced anemia. ,

of rtHuEPO, hemoglobin response (de-
fined as an increase in hemoglobin
=2 g/dL) was seen in 53% of pa-

tients.[7] Additionally, the requirement |

for blood transfusions was signifi-
cantly decreased and quality-of-life
indices were significantly improved.

Recommended dosing of rHuUEPO
is three times weekly, although week-
ly regimens are commonly utilized in
cancer patients.[8] This requirement
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for frequent dosing is due to the
relatively short serum half-life of
rHuEPO. In response to this shortcom-
ing in dosing profile, a novel molecule
was designed. Site-directed mutagen-
esis was employed to modify the ami-
no acid backbone. of human erythro-
poietin to allow for additional N-linked
sialic acid—containing carbohydrate
chains. These additional sialic' acid
moieties act to slow the clearance of
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the glycoprotein and hence prolong
the serum half-life.

The resulting molecule, darbepoetin
alfa (Aranesp), is a unique erythropoi-
etic protein with a greater in vivo
potency relative to rHuEPO.[9] This
increased biologic activity is due pri-
marily to the slower clearance of the
molecule. Following intravenous ad-
ministration to patients with chronic
kidney disease, the terminal half-life
was 25.3 hours, approximately three-
fold longer than that of rHUEPO.[10]
In subcutaneous usage, the rate of
absorption from the subcutaneous ad-
ministration site controls the elimi-
nation rate. Following subcutaneous
administration, the terminal half-life
of darbepoetin alfa was 48.8 hours,
approximately twofold longer than

that for intravenous administration, .

with a bioavailability of 37%.

In phase II dose-finding trials,
clear dose-dependent increases in he-
moglobin response were seen.[11] In
a placebo-controlled phase Iil study
of 320 anemic lung cancer patients
receiving platinum-containing che-
motherapy, statistically significant
improvements favoring darbepoetin
alfa vs placebo were seen in the pro-
portion of patients with a hematopoi-
etic ‘response (66% vs 24%), in
patients requiring transfusions (26%
vs 60%), and in the mean number of
transfusions per patient (1.14 vs
2.64).[12] Darbepoetin alfa is ap-
proved in the United States and
Europe for the treatment of anemia
associated with chronic renal failure
(including dialysis and predialysis
patients) and in the United States for
the treatment of chemotherapy-
induced anemia in patients with non-
myeloid malignancies.

Due to the longer serum half-life,
darbepoetin alfa should be administered
less frequently than rHUEPO.[13] This

. provides obvious advantages for both
patients and health-care providers.
The current recommendation for
rHuEPO dosing in cancer patients
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with chemotherapy-induced anemia
is a starting dose of 150 U/kg three
times weekly, adjusted in accordance
with resulting hemoglobin levels.[14]
Approved dosing for darbepoetin alfa
in this same setting is 2.25 pg/kg
once weekly.[13] However, a com-
parative study indicated that darbepo-

etin alfa administered at 1.5 pg/kg once:

weekly produced a similar mean he-
moglobin change from baseline as
the above three-times-weekly regi-
men of rHuEPO.[11,15]

Alternative dosing strategies for
darbepoetin alfa have been tested that
more fully exploit the pharmacoki-
netic profile. These include dosing
every 2 weeks,[11] where it has been
demonstrated that darbepoetin alfa. at
3 ug/kg every 2 weeks produced the
same hematopoietic response as
rHuEPO given at 40,000 U once
weekly—a typical weekly.dose. Even
longer dosing intervals are being ex-
plored to coincide with the cycle of
chemotherapy (viz, every 3 weeks
and every 4 weeks).[16]

An additional dosing paradigm
that might serve to enhance the utili-
ty of darbepoetin alfa is a fixed dose,
ie, a dosing regimen independent of
patients’ body weight. A fixed dose
would contribute to the simplicity of
darbepoetin alfa usage and, by the

administration of the entire contents’

of a vial, eliminate wasted product.
However, a thorough understanding
of the pharmacokinetic/pharmacody-
namic profile of darbepoetin alfa is
necessary to ensure the success of a
fixed-dose strategy.  Other relevant
considerations would include the dis-
tribution of body weight in the on-
cology population, the potential for
under- or overdosing patients, and
attendant benefit/risk issues.
Clinical trial simulation that in-

cludes the integration of pharmacoki- -

netic and pharmacodynamic model-
ing has been advocated as a means of
applying modeling techniques to
drug development.[17-20] The Monte
Carlo method is one such technique
for performing clinical trial simula-
tion.[21] Pharmacokinetic/pharmaco-
dynamic modeling based on popula-
tion analysis with subsequent Monte
Carlo simulations would potentially
provide the best and least biased
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estimate of the anticipated hemoglo-
bin response both within the treated
population and for an individual with
specific characteristics. This meth-
odology permits the incorporation of
measures of variability and uncer-
tainty into pharmacokinetic/pharma-
codynamic modeling.[22-26] Monte
Carlo simulation uses prior informa-
tion, such as baseline body weight
and hemoglobin concentration, and. .
parameter estimates (from the pharma-
cokinetic/pharmacodynamic model),
and allows multiple sampling of these
quantitatively defined probability
distributions and the subsequentcom-
putation of mode] outputs. This meth-
od allows for a more rigorous assess-
ment of variability of response than
simpler (mean parameter or deter-
ministic) methods.

This paper presents the results of
a clinical trial simulation using the
Monte Carlo method that assesses
the predicted hematopoietic response
of a fixed dose of darbepoetin alfa
(200 pg every 2 weeks) vs modeled
results. for a- weight-based dose
(3 pg/kg every .2 weeks). Model val-
idation was performed by comparing
predicted outcomes for weight-based
dosing with observed clinical data
from weight-based dosing.

Methods

Source of Clinical Data

Clinical data for 547 patients were
utilized in generating the model for
the simulation. These patients had
participated in one of three Amgen-
sponsored clinical trials of darbepoe-
tin alfa for chemotherapy-induced.
anemia (study numbers 980290,
980291, and 20000174).[11,16,27]
These trials were similar in nature,
all being conducted in a multicycle
chemotherapy setting for adult pa-
tients with solid tumors. Patients were
required to have a baseline hemoglo-
bin < 11 g/dL for study eligibility.
The trials investigated various doses
and schedules of darbepoetin alfa in
a randomized sequential- or parallel-
cohort structure. Doses and sched-
ules of darbepoetin alfa that were
studied included 0.5 through 18 pg/kg
given every week, every 2 weeks,
every 3 weeks, and every 4 weeks




(a total of 18 different regimens) over
a 12-week treatment period.

Table 1 gives descriptive statis-
tics on the demographics of the 547
patients whose data were used in the
model development. Over two-thirds
of the population were female, due
to the prevalence of breast and gyne-
cologic cancer patients treated in
these trials. Across the three trials,
the mean age of the patients was 61
years (range: 20.to 91 years). Mean
body weight was 70 kg (range: 39 to
129 kg). Tumor types represented in
this population included—in descend-
ing order of prevalence—breast, lung,
. gastrointestinal, gynecologic, and
genitourinary. Platinum-containing
regimens were used in approximate-

ly 38% of patients across all three

studies.

In addition to serial hemoglobin
levels representing the pharmaco-
dynamic response, serum drug levels
for the pharmacokinetic response
were measured intensively in five
patients given darbepoetin alfa doses
of 0.5, 1.5, or 4.5 pg/kg once weekly
subcutaneously, and were also mea-
sured predose and 48 hours postdose
in 211 patients at certain dosing time
points. Observed clinical data from
33 patients in study 980290[11] who
received darbepoetin alfaina 3.0 pg/kg
every-2-week regimen were utilized
for comparison with the simulated
fixed dose and the simulated weight-
based dose.

Modeling and Simulation
Procedures ’

Pharmacokinetic/pharmacodynam-
ic modeling and clinical trial simulation
were used to evaluate every-2-week
dosing of darbepoetin alfa and to as-
sess the impact of a fixed dose on
predicted response and its variability.
The modeling and clinical trial simu-
lation steps were as follows: (1) fitting
and optimizing the model to data from
the three darbepoetin alfa clinical stud-
ies (described above), (2) developing
a clinical trial simulation platform by
incorporating relevant clinical study
design elements, and (3) performing
clinical trial simulations to evaluate
the impact of a fixed dose of darbepoe-
tin alfa on predicted response and its
variability.

Darbepoetin Alfa .
Pharmacokinetic/Pharmacodynamic
Structural Model

The basis of the pharmacokinetic/
pharmacodynamic model is the re-
lationship between darbepoetin alfa
and hemoglobin concentrations, as
demonstrated in dogs.[28] The eryth-
ropoiesis pharmacokinetic/pharmaco-
dynamic structural model is an indirect
response model incorporating RBC
physiology (Figure 1). The model as-
sumes that darbepoetin alfa concen-
trations stimulate the production rate
of RBCs in the bone marrow at the
precursor stage. The production rate
is increased by a factor proportional
to E,.., with half-maximal stimula-
tion observed at a serum drug con-
centration of ECs,. The stimulation
function occurs in the first of a series
of compartments with equal transfer
coefficients; this might be consid-
ered physiologically equivalent to the
bone marrow (Figure 1).

The total maturation transit time

in the “bone marrow” is considered |-

to be similar to the RBC production

time. The “bone marrow” is linked |

to the RBCs in circulation or “hemo-
globin compartment” (a linked series
of compartments that have equal
transfer coefficients with elimination
from the terminal compartment to
allow for aging of the RBCs). The
total transit time of the RBCs in cir-
culation is representative of the RBC
lifespan.

Pharmacokinetic/Pharmacodynamic
Modeling .
The pharmacokinetic and pharma-
codynamic parameters and associat-
ed covariances for this population
were estimated simultaneously using
data from the three darbepoetin -alfa
clinical studies cited above with
BigNPEM.[29] Pharmacokinetic pa-
rameter estimates were determined
first from available intensive phar-
macokinetic profiles, then updated
using predose and 48-hour postdose
data from 211 additional patients. Pre-
vious analyses demonstrated that the
pharmacokinetic properties of darb-
epoetin alfa are dose- and time-
linear.[10] The pharmacokinetic
parameters were then fixed to allow
estimation of the pharmacodynamic

SUPPLEMENT

Table 1
Patient Demographic Variables

Patients Used
in Model
Development
Number of patients 547
Males 31%
Females 69%
Age
Mean (SD) 61.4yr (12.3 yr)
Minimum/maximum 20 yr/91 yr
Body weight
Mean (SD) 69.8 kg (15.2 kg)
Minimum/maximum 39 kg/129 kg
Tumortype
. Breast - 28%
Lung 21%
Gastrointest_inal 19%
Gynecologic 17%
" Genitourinary 6%
Other 9%‘
Patients with a 38%

platinum-containing
chemotherapy regimen

SD = standard deviation.

parameters. Hemoglobin response
data were used from the 547 patients
discussed above. Mean response data
for all treatment groups were fitted
simultaneously.

The mean parameter vector was
optimized for the 3 pg/kg every-2-
week dosing paradigm to make model
predictions of responses for this treat-
ment-regimen. A posterior predic-
tive check on model performance was
performed using both simulated pa-
tients and observed clinical trial re-
sults: The. predicted-vs-observed
plots following the generation of
maximal a posteriori Bayesian prob-
ability estimates for each regimen
showed that the pharmacokinetic/
pharmacodynamic model accurately
predicted the observed hemoglobin
profiles across all 18 treatrnent regi-
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Figure 1: Erythropoiesis PharmacokineticlPha}'macodynamic Structural

Model—An indirect response model based on the relationship between darb-

epoetin alfa and hemoglobin concentrations. The model involves a series of
dynamically linked compartments representing changes in darbepoetin alfa
serum concentrations, stimulation of RBC. production, and subsequent RBC
maturation and death. K, (CL/V,, day) = elimination from the central compart-

ment; CL. (mL/kg/day) =

compartment; K, (day') = first- order absorption rate; © (days) =
absorption; F = bioavailability following SC dosing; C
drug concentration in central (serum) compartment;
= maximum effect; ECy, (ng/mL) = serum concentration at which .

- injection site; C, (ng/mL) =
Emax (ng/ml—)

clearance V. (mL/kg) = volume of distribution in central-

lag time of
< (ng) = drug mass at

half-maximal effect is observed; BBC = red blood cell; SC = subcutaneous.

mens (r2 > 0.95), demonstrating the
utility of this model in describing
hemoglobin response following ad-
ministration of various regimens of
darbepoetin alfa.

Clinical Trial Simulation

Development of the clinical trial
simulation platform encompassed the
following. elements:

e Determination of pharmacoki-
netic and pharmacodynamic parame-
ter estimates and their associated
variability and distribution from a
relevant population (described above)

e Definition of population base-
line characteristics and the associat-
ed distribution (body weight and
baseline hemoglobin from the darb-

40

epoetin alfa clinical studies were
assumed to be representative of the
population)

e Implementation of a transfusion
intervention mechanism: using he-
moglobin < 8.0 g/dL a$ a transfusion
trigger, hemoglobin data for these
patients were censored for the next
4 weeks, but the patient was not elim-
inated altogether from the analysis

e Allowance for darbepoetin alfa
dose interruptions (dosing was withheld
when hemoglobin was > 14.0 g/dL
for women and > 15.0 g/dL for men
as in the actual clinical studies)

e Censoring was randomly imple-
mented in the simulated cohorts to
coincide with the incidence of observed
dropout rates in the clinical trials

ONCOLOGY + VOLUME 16 * NUMBER 10 ¢ SUPPLEMENT

e Incorporation of other elements
of the protocol, eg, duration of dos-
ing and definitions of response

Clinical trial simulation (5,000
patients/cohort) was performed in or-
der to predict outcomes and associ-
ated variability for each of the dose
cohorts (weight-based vs fixed dose

| of darbepoetin alfa). These simula-

tions were performed by sampling
from the distributions of each of
the parameters and baseline charac-
teristics to enable assessment of
predicted outcomes. All statistics
for the simulated cohorts were de-
rived directly from the clinical trial
simulations.

Results

Hemoglobin End Points

Mean hemoglobin change from
baseline over time is plotted in Fig-
ure 2 for the simulation of a weight-
based dose (3 pg/kg every 2 weeks)
and the simulation of a fixed dose
(200 pg every 2 weeks), vs the ob-
served data of 33 patients who re-
ceived darbepoetin alfa at 3 ug/kg
every 2 weeks. The two simulated
curves are virtually superimposed,
with mean hemoglobin changes from
baseline increasing over time

-throughout the 12-week treatment .
~ period. The observed data for 3 pg/kg

every 2 weeks compared closely with

the simulated data. Standard devia-

tions were similar in magnitude across
all three groups, indicative of com-
parable variability in the respective
populations. Overall, these hemoglo-
bin profiles demonstrated close simi-
larity between the observed data and
the simulations and provide valida-
tion for the model.

Mean changes in hemoglobin con-
centration between baseline and

. various posttreatmeént time points

(Table 2) also illustrate the similari-
ty between the three data sets. At
day 84, mean hemoglobin change
from baseline for the observed data
cohort was +1.61 g/dL. (standard de-
viation [SD] 1.7 g/dL), compared with
1.83 g/dL (SD 1.5 g/dL) for the
weight-based dose simulation and
+1.79 g/dL (SD- 1.5 g/dL) for the
fixed-dose simulation.

Additional hemoglobin end points




for the three cohorts are summarized
in Table 3; these include the propor-
tion of patients achieving a hemo-
globin response (eg, an increase of
>2 g/dL from baseline) and patients
requiring one or more RBC transfu-
sions. For each end point, the two
simulated cohorts gave comparable
results. The proportion of patients
who demonstrated a hemoglobin re-
sponse was 60% in the observed data,
compared with 77% and 76% in the
simulations; however, the 95% con-
fidence intervals in the former over-
lapped the simulated values.

The RBC transfusion trigger was
reached in 21% and 22% of simulat-
ed patients in the weight-based and
fixed-dose cohorts, respectively.
These rates were higher than the rate
of actual transfusion usage in the ob-
served data (16%), possibly due to
the subjectivity of clinicians in choos-
ing to transfuse real patients, where-
as in the simulation a “transfusion”
was automatic at a hemoglobin con-
centration <8 g/dL. However, the
simulated transfusion rates were
lower than the rate of 26% reported
from patients receiving darbepoetin
' alfa at 2.25 pg/kg once weekly in the
phase 111 placebo-controlled trial.[12]

Effects of Body Weight

Figure 3 provides a profile of body
weight distribution using 1,180 pa-
tients who received darbepoetin alfa,
rHuEFQO, or placebo across four on-
cology trials. Mean and median body
weights were 70 and 69 kg, respec-
tively, with a range of 35 to 165 kg.
Fifty percent of the patients in this
population fell within body weights
of 59 and 79 kg, and 90% were be-
tween 48 and 96 kg.

Figure 4 shows mean change in
hemoglobin concentration from base-
line to day 84 (end of treatment peri-
od) by body weight class for the two
simulated dosing groups and for the
observed group. As might be predict-
ed, the profile for the weight-based

- dosing simulation showed little vari-
ation in hemoglobin by body weight
class, with mean hemoglobin chang-
es between +1.7 and +1.9 g/dL across
all weight classes. The fixed-dose
simulation showed some weight ef-
fect trend as expected, with a higher

Mean (SD) hemoglobin change from baseline (g/di)

-2
-3 T T T T T T T T T T T T
7 14 21 28 35 42 49 56 63 70 77 84
' Study day
—m— Observed weight-based n=33
- -A- - Simulated weight-based n = 5,000
--®--- Simulated fixed-dose n = 5,000

Figure 2: Hemoglobin Change From Baseline Over Time—Mean and
standard deviation of hemoglobin change from baseline for observed data,
simulated weight-based data, and simulated fixed-dose data. Hemoglobin
values within 28 days after a red blood cell transfusion were excluded (or at a
hemoglobin value of < 8 g/dL for simulated data). SD = standard deviation.

Table 2

Mean Hemoglobin Change From Baseline
. } Simulated Weight-  Simulated
Observed Data Based Dose Fixed Dose
(3 po/kg g2wk) (3 pg/kg q2wk) (200 pg g2wk)
Hemoglobin change from baseline to day 28
Number of patients 25 3,886 3,835
Mean (SD) 0.72g/dL(1.6g/dL) 0.72g/dl(1.4g/dL) 0.63 g/dL (1.4 g/dL)
Hemoglobin change from baseline to day 56
Number of patients 23 4,092 3,985
Mean (SD) 1.29g/dL(1.5¢g/dl) 1.51g/dL(1.5g/dL) 1.56g/dL (1.5g/dL)
Hemoglobin change from baseline to day 84
Number of patients 15 ' 3,812 3,812
Mean (SD) 1.61g/dL(1.7g/dL) 1.83g/dL (i 5g/dL)

1.79 g/dL (1.5 g/dL)

q2wk = every 2 weeks; SD = standard deviation..

mean hemoglobin change from base-
line at the lowest (<45 kg) body weight
class (+2.11 g/dLL [SD 1.55 g/dLl]),
slight decreases with increasing body
weight, and the lowest change in he-

SUPPLEMENT

moglobin at the highest (> 95 kg)
body weight class.(+1.15 g/dL [SD
1.46 g/dL]). Importantly, however,
at the central portion of the weight
distribution (ie, between 45 and 95 kg
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Table 3

Co?nparison of Hemoglobin Response Variables

Observed Data
(3 na/kg g2wk)
Number of patients 33
Patients with 60% (39%—80%)
hemoglobinincrease
>2 g/dLa
Patients with 16% (3%—29%)

RBC transfusion?® -

Simulated Weight-  Simulated
Based Dase Fixed Dose

(3 ng/kg q2wk) (200 ng q2wk)
5,000 5,000

77% (76%—79%) 76% (75%—T77%)

21% (20%~23%) 22% (21%—23%)

aKaplan-Meier proportion (95% confidence interval).

“Transfusions were given (or simulated) when hemogliobin concentration was < 8 g/dL.

g2wk = every 2 weeks; RBC = red blood cell.

30% —— 90% ——
—50% —
.. 20%-] Max: 165 kg
Q 4 L aehy B
| =
[
=
[
-0

L=
-

10% -

20 30 40 50 60 70 80 90 100 110 120 130 140150160170
Body weight (kg)

Figure 3: Body Weight Distribution

Across Darbepoetin Alfa Clinical

Trials—Frequency of body weight values for 1,180 cancer patients participating

in darbepoetin alfa trials, showing 50th

body weight, representing over 90%
of the population), the weight-based
dose and the fixed-dose simulations
were within 0.2 g/dL of each other in
terms of hemoglobin change from
baseline.

Comparing the weight distribution
in Figure 3 with the hemoglobin re-

42

and 90th percentiles.

sponses by weight class in Figure 4,
it is clear that the majority of pa-
tients would be expected to benefit
equally from a weight-based and a
fixed dose of darbepoetin alfa.
Table 4 illustrates the weight-
based dose equivalent of a 200-ug
fixed dose of darbepoetin alfa for

ONCOLOGY * VOLUME 16 * NUMBER 10 * SUPPLEMENT

body weights from 40 to 100 kg.
Dosing a 40-kg patient with 200 pg of
darbepoetin alfa equates to 5.0 pg/kg;
for a 100-kg patient, the weight-based
equivalent is 2.0 pg/kg. These doses
have been studied in clinical trials
and have been shown to be safe and
to have biologic activity.[11] In prac-
tice, some patients will require titra-

‘tion of their dose of darbepoetin alfa |

in order to achieve optimal hemato-
poietic response. In general, howev-
er, the model predicts that a.fixed
darbepoetin alfa dose of 200 ug ev-
ery 2 weeks and a weight-based dose
of 3 pg/kg every 2 weeks would
provide similar efficacy for the ma-
jority of cancer patients with chemo-
therapy-induced anemia. '

Summary and Discussion

Previous work has demonstrated
that darbepoetin alfa administered at
3 ug/kg every 2 weeks was as effica-
cious as a standard regimen of rtHuEPO
in eliciting hemoglobin increases in
cancer patients with chemotherapy-
induced anemia.[11] The Monte Carlo
clinical trial simulation presented in
this paper demonstrated the compara-

. bility between these observed clini-

cal data from weight-based dosing of
darbepoetin alfa and a simulation of
weight-based dosing. Additionally,
simulated hematopoietic outcomes
from a fixed dose of darbepoetin alfa
were comparable with those from
both simulated and actual weight-
based dosing.

In considering the feasibility and
utility of a fixed dose for darbepoetin
alfa (eg, a regimen independent of a
patient’s body weight) for the treat-
ment of cancer patients with chemo-
therapy-induced anemia, the following
questions must be addressed:

® In terms of net benefit, are the
needs of the vast majority of the pop-
ulation amply addressed?

e For patients at the upper end of
the body weight distribution, is there
risk of underdosing and thus com-
promising efficacy? :

e For patients at the lower end of
the body weight distribution, is there
risk of overdosing and possibly en-
countering safety issues?

Simulated hematopoietic response




to darbepoetin alfa by patient weight
class indicated only a slight weight
effect with a fixed-dose regimen in
terms of change in hemoglobin from
baseline. Importantly, given the data
on weight distribution from a typical
oncology patient population, the ma-
jority of patients would be appropri-
ately initiated on treatment with a
fixed darbepoetin alfa dose of 200 pg
every 2 weeks. Regardless of the use
of weight-based or fixed dosing for
erythropoietic agents, due to the mul-
tiple variables that cause anemia and
influence erythropoiesis in these pa-
tients, standard practice requires dose
titration to the desired hemoglobin
concentration.

The minor role that body weight
plays in determining hematopoietic
response for any given individual is
not unexpected given the overall com-
plexity of the disease state. On a pop-
ulation level, responsiveness to
erythropoietic factors (quantified by
the ECs,) appears to be determined
primarily by disease state. For exam-
ple, patients with chronic kidney dis-
ease are generally more responsive
te erythropoietic factors than are can-
cer patients with underlying anemia,
who in turn are more responsive than
cancer patients with chemotherapy-
induced anemia; this phenomenon is
manifested in varying dose require-
ments for these agents. Chronic kid-
ney disease is characterized by a
deficiency in endogenous erythropoi-
etin that requires simple replacement
therapy, whereas cancer patients re-
ceiving chemotherapy have compro-
mised bone marrow that interferes
with their ability to respond normal-
ly to erythropoietic agents.

Other potential factors include
baseline hemoglobin and endogenous
erythropoietin concentrations, con-
current medications, and nutritional
factors. The lower the ECs, of an
agent, the more responsive the pa-
tient. Sensitivity analyses have veri-
fied that the variability in ECs, of
darbepoetin alfa (ranging from
0.062 to 9.023 ng/mL) is far more
important with regard to pharmaco-
dynamic effect than are body weight
differences in the population.

Safety issues, of theoretical con-
cern with a fixed dose at lower body

61 —m— Observed weight-based n =33
- -A-- Simulated weight-based n = 5,000
- ---@--- Simulated fixed-dose n = 5,000

5 -
= I
3
2 -
g
T A o T
7]
«© -
-n ] N —— ——
: 1N 7 7 =
& 3 T T
Q
) —_
= -
(]
'E L
e 2 - r— ------ L 4 L
a A-f--" s -anr:
o
[=] I
£
2 14 /
g 0+ 1
=

-1 -

1 | T | I t I
<45 46-55  56-65 66-75 76-85  86-95 > 96
Body weight (kg)

Figure 4: Hemoglobin Change From Baseline by Body Weight Class—
Mean and standard deviation of change in hemoglobin concentration between
baseline and end of treatment (day 84) for observed clinical data, simulated

weight-based data, and simulated fixed-dose data by body weight class.

Table 4

Dosing Chart of 200-ug Darbepoeti'n Alfa by Body Weight

Body Weight
40 kg

50 kg

60 kg

70kg

80 kg

90 kg

100 kg

Fixed Equivalent
Darbepoetin Weight-Based
Alfa Dose Dose

200 pg 5.00 pg/kg

200 g 4.00 pQ/kg‘
200 19 3.33 pug/kg

200 ug 2.86 pug/kg

200 g 2.50 ug/kg
200ug 2.22 ug/kg

200 ug 2.00ugrkg
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weight extremes, are minimal with
darbepoetin alfa. Commonly report-
ed adverse events in cancer patients
receiving darbepoetin alfa were con-
sistent with those in anemic patients
receiving cytotoxic chemotherapy, and
included fatigue, edema, nausea, vom-
iting, diarrhea, fever, and dyspnea.[13]

In terms of overall cost efficiency
of a fixed dose for darbepoetin alfa,
the weight distribution of a typical
cancer population indicates that most
patients would receive a dose similar
to the 3 pg/kg every-2-week target,
and those who would receive more
drug at a fixed dose of 200 pg every
2 weeks vs the weight-based dose are
approximately balanced by those who
would receive less. Imporftantly, by
using the entire contents of a 200-LLg
vial, no drug would be discarded;
furthermore, labor costs associated
with measuring an exact weight-based
dose of drug would be eliminated.

In summary, the clinical trial sim-
ulation presented in this paper indi-
cated that a fixed 200-pg dose of
darbepoetin alfa administered every
2 weeks would be as effective as a
weight-based dose of 3 ug/kg every
2 weeks in ameliorating anemia in
patients with solid tumors who are
receiving chemotherapy. A definitive
demonstration of this inference would
require a prospective clinical trial.
There are minimal safety concerns
for patients at a lower body weight
extreme based on eumulative clini-
cal experience with darbepoetin alfa.
For patients who display an inade-
quate (or excessive) hematopoietic
response to this starting fixed-dose
regimen, standard practice calls for
titration of dose according to result-
ing hemoglobin concentrations.

Acknowledgments: The authors wish to
thank the clinical investigators, study coordi-
nators, and patients who participated in the
darbepoetin alfa clinical trials. Kari Kroeger

. performed statistical programming, and Cheryl
Apodaca and Cory Lund assisted in the prepa-
ration of the manuscript.

44

" References

1. Groopman JE, Itri LM: Chemotherapy-
induced anemia in adults: Incidence and treat-
ment. J Natl Cancer Inst 91:1616-1634, 1999.

2. Silver RT: New approaches to the treat-
ment of cancer-related anemia. Semin Oncol
21:1-2, 1994,

3. Mercadante S, Gebbia V, Marrazzo AS, et
al: Anaemia in cancer: Pathophysiology and
treatment. Cancer Treatr Rev 26:303-311, 2000.

4. Cella D: Factors influencing quality of
life in cancer patients: Anemia and fatigue.
Semin Oncol 25(suppl 7):43-46, 1998.

5. Sabbatini P: The relationship between ane-
mia and quality of life in cancer patients.
Oncologist 5(suppl 2):19-23, 2000.

6. Henry DH, Abels RI: Recombinant hu-
man erythropoietin in the treatment of cancer
and chemotherapy-induced anemia: Results of
double-blind and open-label follow-up studies.
Semin Oncol 21:21-28, 1994.

7. Glaspy J, Bukowski R, Steinberg D, et al:
Impact of therapy with epoetin alfa on clinical
outcomes in patients with nonmyeloid malig-
nancies during cancer chemotherapy in com-
munity oncology practice. J Clin Oncol
15:1218-1234, 1997.

8. Gabrilove JL, Cleeland CS, Livingston
RB, et al: Clinical evaluation of once-weekly
dosing of epoetin alfa in chemotherapy: Im-
provements in hemoglobin and quality of life
are similar to three-times-weekly dosing. J Clin
Oncol 19:2875-2882, 2001.

9. Egrie JC, Browne JK: Development and
characterisation of novel erythropoiesis -stim-
ulating protein (NESP). Br J Cancer 84
(suppl 1):3-10, 2001.

10. Macdougall IC, Gray SJ, ElstonO etal:
Pharmacokinetics of novel erythropoiesis stim-
ulating protein compared with epoetin alfa in
dialysis patients. J Am Soc Nephrol 10:2392-
2395, 1999.

1. Glaspy JA, Jade_;a JS, Justice G, et al:
Darbepoetin alfa given every 1 or 2 weeks
alleviates anaemia associated with cancer che-
motherapy. Br J Cancer 87:268-276, 2002.

12. Pirker R, Vansteenkiste J, Gateley J, et
al: A phase III, double-blind, placebo-controlled
randomised study of novel erythropoiesis-stim-
ulating protein (NESP) in patients undergoing
platinum treatment for lung cancer. Eur J
Cancer 37(6):264, 2001.

13. Amgen Inc. Aranesp (darbepoetin alfa)

prescribing information. Thousand Oaks, Cali- -

fornia, 2002.
14. Ortho Biotech Products, LP. Procrit (epo-

etin alfa) prescribing information. Raritan, New -

Jersey, 2000.
15. Scott S: Dose conversion from recombi-
nant human erythropoietin to darbepoetin alfa:

recommendations from clinical studies. Phar-.

macother Suppl 22(9 pt 2):160S-165S, 2002.

ONCOLOGY ¢« VOLUME 16 « NUMBER 10« SUPPLEMENT

16. Kotasek D, Albertsson M, Mackey J, et
al: Randomized, double-blind, placebo-con-
trolled, dose-finding study of darbepoetin alta
administered once every 3 (Q3W) or 4 (Q4W)
weeks in patients with solid tumors. Proc Am
Soc Clin Oncol 21:356a, 2002.

17. Peck CC, Barr WH, Benet LZ, et al:
Opportunities for integration of pharmacoki-
netics, pharmacodynamics, and toxicokinetics
in rational drug development. Clin Pharmucol
Ther 51:465-473, 1992.

18. Hale M, Gillespie WR, Gupta SK, et al:
Clinical trial simulation: Streamlining your drug

‘development process. Appl Clin Trials 5:35-

40, 1996.

19. Holford NHG, Kimko HC, Monteleone
JPR, et al: Simulation of clinical trials. Annu
Rev Pharmacol Toxicol 40:209-234, 2000.

20. Sheiner LB, Steimer JL: Pharmacokinet-
ic/pharmacodynamic modeling in drug devel-
opment. Annu Rev Pharmacol Toxicol
40:67-95, 2000.

21. Bonate PL: A brief intr oductlon to Mon-
te Carlo simulation. Clin Pharmacokinet
60(1):15-22, 2001. )

22. Farrar D, Allen B, Crump K, et al: Eval-
uation of uncertainty in input parameters to
pharmacokinetic models and the resulting un-
certainty in output.. Toxicol -Lett 49:371-385,

1989,

23. Bois F, Woodruff T, Spear R: Comparl-
son of three physiologically based pharmaco-
kinetic models of benzene disposition. Toxicol
Appl Pharmacol 110:79-88, 1991.

24, Hattis D, White P, Marmorstein L, et al:
Uncertainties in pharmacokinetic modeling of
perchloroethylene. I. Comparison of model struc-
ture, parameters, and predictions for low-dose
metabolism rates for models derived by differ-
ent authors. Risk Analysis 10:449-458, 1990.

25. Gearhart JM, Mahle DA, Greene RJ, et
al: Variability of physiologically based phar-
macokinetic (PBPK) model parameters and their -
effects on PBPK model predictions in a risk
assessment for perchlorethylene (PCE).
Toxicol Lett (Shannon) 68:131-144, 1993,

26. Krewski D, Wang Y, Bartlett S, et al:
Uncertainty, variability, and sensitivity analy-
sis in physiological pharmacokinetic models..
Biopharmacol Stat 5:245-271, 1995.

27. Glaspy J, Jadeja J, Justice G, et al: Opti-
mizing the management of anemia in patients
with cancer: A randomized active-controlled
study investigating the dosing of darbepoetin
alfa. Proc Am Soc Clin Oncol 21:362a, 2002.

28. Heatherington AC, Cosenza ME, Wat-
son A, et al: Establishment of a PK-PD rela-
tionship for novel erythropoiesis stimulating
protein (NESP) in dogs. Pharmacéut Sci Suppl
1(4), 1999.

29. Schumitzky A, Jelliffe R, van Guilder
M: NPEM. A program for pharmacokinetic pop-
ulation analy31s Clin Pharmacol Ther 55:163,
1994.




